Introduction
Ingestion of Pinus ponderosa needles by late pregnant beef cows initiates a premature parturition . Stuart et al. (1989) suggested that uterine vascular insufficiency may initiate pine needle-induced parturition. They observed a profound reduction in caruncular arterial diameter with ischaemic necrosis of the associated caruncular tissue during post-mortem examin¬ ations of early-calving pine needle-fed cows. Christenson et al (1992a) showed that plasma from pine needle-fed cows, but not from control-fed cows, contained a substance(s) that increased caruncular arterial smooth muscle tone (i.e. decreased diameter) in vitro. Furthermore, consumption of pine needles by late preg¬ nant beef cows resulted in a progressive decrease ( > 70% total) in uterine blood flow followed by a premature parturition (Christenson et al, 1992b) .
Regulation of uterine arterial smooth muscle tone (i.e. vessel diameter) results from the coordinated interaction of rx2-adrenergic receptors, potential sensitive Ca2+ channels (PSC), "Reprint requests.
Received 6 October 1992. and catechol oestrogens (Ford, 1989) . Catechol oestrogens, vasoactive metabolites of oestrogen, prevent a2-adrenergic receptor mediated changes in vessel diameter by specifically inhibiting Ca2+ uptake through PSC (Ford et al, in press ).
Placental oestrogens are converted to their catechol forms by a soluble peroxidase (Rosazza et al, 1989) that is found in high concentrations in uterine lymphatic fluid and caruncular arterial tissue during pregnancy (Ford et al, 1991) , where it probably mediates the observed preferential dilation of the caruncular arterial bed (Makowski el al, 1968 ).
The present study was designed to determine the site (e.g. PSC, a2-adrenergic receptor, peroxidase) and mechanism of action through which a substance in pine needles elicits its effects on increasing uterine arterial tone (i.e. decreasing uterine blood flow).
Materials and Methods

Animals and treatments
Eighteen pregnant multiparous beef cows bred at 1 week intervals in groups of six were transported from Fort Keogh
The pine needles used in this study were from the same batch as those used by Christenson et al (1992b) which are known to induce a premature parturition (Short et al, 1992) . Feeding pro¬ cedures did not differ from that used in the previous study (Christenson et al, 1992b (Sauer et al, 1989 (Sauer et al, 1989) . No (Sauer et al, 1989 Peroxidase activity in gravid uterine tissues and associated arteries Uterine tissue peroxidase activity was highest in the endo¬ metrium, the purported site of peroxidase synthesis (Ford, 1992;  Peroxidase activity was lowest in the myometrial tissue. The only treatment effect observed was an increase (P < 0.04) of peroxidase activity in caruncular tissue from pine needle-fed versus control-fed cows (Fig. la) . Caruncular arterial peroxidase activity was similar (P > 0.1) to that found in the endometrium ( Fig. la and lb) . When compared with the caruncular arteries, the intercaruncular artery, main uterine artery and splenic artery had lower (P < 0.05) peroxidase activity (Fig. lb) . The umbili¬ cal artery had markedly lower (P < 0.05) peroxidase activity compared with all the other arterial tissues sampled.
Discussion
Previous studies using this feeding regimen have shown that pine needle-induced parturition typically occurs between 6-11 days after initiation of the diet (Christenson et al, 1992b; Short et al, 1992) . Increasing numbers of a2-adrenergic receptors in myo¬ metrium have been closely linked with increased contractility of myometrial smooth muscle (Roberts et al, 1981; Marnet et al, 1987; Ko et al, 1990) . Furthermore, treating cows with xylazine, an a2-adrenergic receptor agonist, caused an increase in intra¬ uterine pressure which could be inhibited with a2-adrenergic receptor antagonists (Rodriguez-Martinez et al, 1987) . The increasing numbers of myometrial a2-adrenergic receptors in day 5 pine needle-fed cows supports the assumption that these cows were preparing for the parturient process with increasing myometrial contractility.
We determined that consumption of pine needles by late pregnant beef cows elicited a progressive reduction in uterine blood flow (Christenson et al, 1992b) . Furthermore, using the in vitro perfused bovine placentome, we determined that uterine arterial tone and PSC activity were increased in placentomes perfused with plasma from pine needle-fed cows (Christenson et al, 1992a) . The study reported here was designed to determine the specific site of action of the pine needle factor(s) on the known mechanisms controlling uterine blood flow (Ford et al, 1992) . Blood flow to the uterus is known to be regulated by two Ca2+-dependent mechanisms: (1) phasic contractility and (2) tone. Phasic contractility remains intact throughout preg¬ nancy, allowing the short-term (3-10 min) shunting of blood away from the uterus and other abdominal viscera to the skel¬ etal muscle during periods of acute maternal stress (Shnider et al, 1979; Sauer et al, 1989) . Uterine arterial tone progressively decreases during pregnancy, allowing uterine blood flow to increase to meet the needs of the growing fetal-placental unit (Ferrell and Ford, 1980; Guenther et al, 1988 (Rasmussen et al, 1987) . Pine needle feeding did not change the phasic response, confirming our earlier observation that plasma from pine needle-fed cows could not alter phasic responses (Christenson et al, 1992a) . It (Rasmussen et al, 1987; Ford et al, 1992) . In this study we observed an increase in tonic contractility (adrenaline (Rosazza et al, 1989) . Catechol oestrogens are the only oestrogens known to decrease uterine tone in vitro and increase uterine blood flow in vivo (Ford et al, in press ). Catechol oestrogens block PSC activity (Stice et al, 1987) (Ford, 1992 (Ford, 1992 
